Fage's 'Personal record' tells us nothing of the first decade of his life. His father, William John Fage (1859-1947), was a coppersmith in Portsmouth Dockyard; his mother's maiden name was Annie Crook . Fage himself was the youngest of their family of two sons and two daughters; he was born in Portsmouth on 4 March 1890. We know nothing of his primary schooling; but he attended Portsmouth Secondary School from 1901 to 1904, and from there, by open competition, entered Portsmouth Dockyard as a shipwright apprentice: at the time (July 1904) he was upwards of 14 years old. Among his fellow apprentices he found Relf, who had entered the Dockyard just six months earlier, and who was rather older than the rest of the new apprentices; he was rising 16. For over 40 years they were to tread very much the same path together; and they remained close friends until Relf's death in 1970.
As apprentices, they attended the Royal Dockyard School on two afternoons and one or more evenings a week; occasionally, they were also given study periods during workshop hours. The Dockyard Schools have, of course, nurtured some of the ablest scientists and engineers this country has produced; the high standards they set were almost legendary. It is of interest to quote Fage's own account: 'I was given a place in the Upper School. The School was unique, for it gave a diligent apprentice the opportunity of a good education over a period of four years. It was, however, a case of survival of the fittest, for only those who gained a place in the first half of the examination list at the end of each year were selected to attend the following year. There were about 120 apprentices in my first year . . . only 15 finished in my fourth year. ' With characteristic modesty Fage says nothing of his own achievements in the School, though he has told us ( l o c. H.M. Dockyards for three years running; in fact, Fage himself, like Relf, won three Admiralty prizes during his apprenticeship. One of these was Besant and Ramsey's Hydromechanics; moreover, if we assume that Fage spent the fifth year of his apprenticeship at the Haslar Ship Tank (as was the normal pro cedure), we may see in retrospect the sowing of the seed of his interest in fluid mechanics which was to flower so brilliantly later.
During the fifth year of his apprenticeship, Fage took evening classes at the Municipal College, Portsmouth; he won prizes for mathematics and theoretical mechanics (fluids). In the year 1909, both he and Relf took the Board of Education examinations for scholarships tenable at the Royal College of Science, and obtained awards. Fage records that a candidate was free to select the number and grade of the scientific and technological papers he wished to sit, and that he himself offered no fewer than 15 subjects: heat; light; sound; electricity and magnetism; mathematics; practical mathematics; theoretical mechanics (solids); theoretical mechanics (fluids); physiography; metallurgy; inorganic chemistry; practical plane and solid geometry; applied mechanics; heat engines; naval architecture. The variety of the list certainly reflects the breadth of his training at Portsmouth. His award, a Royal Exhibition, provided free tuition and a maintenance grant of £60 per annum.
During his time as an apprentice, Fage played football or cricket on Saturday afternoons, and on Sundays went for long tramps in the countryside near Portsmouth or on the Isle of Wight. It will appear later that walking was to remain his principal recreation for the rest of his life.
T he Student
When Fage, at 19| years old, began his studies at the Royal College of Science in 1909, he was a trained practical engineer. It was thus quite natural that he should choose mechanics as his principal subject. For the first two years, he studied physics, chemistry, mathematics, mechanics, geology and some sub sidiary topics. Two scholarships were offered by the Governors of the College for competition by second year students; Fage was awarded one of them: this was not surprising, since he had achieved a first class mark in all six of the mathematics papers he had sat, as well as in mechanics. So into his final year of study, which concentrated on mechanics (parenthetically, it may be noted that Relf had opted to specialize in physics). Of this year, Fage records, significantly: 'I studied mechanics under Professor John Perry for my A.R.C.S. Diploma. He was a most stimulating lecturer. He often began a lecture with talks on his experiences as a consultant or on research investigations that had much im pressed him. It was from such talks that I decided I would like to do scientific research work after leaving College. An opportunity to do so arose in 1912 when I was awarded by the Governors of the Imperial College of Science and Technology a research scholarship in aeronautics tenable for one year-later renewed for a second year-at the National Physical Laboratory. ' The R.C.S. students at that time did not sit for London degrees. In 1911 (his final year) Fage took the London matriculation, offering English, French, mathematics, advanced mathematics and mechanics; but he would presumably have had to stay in residence until 1914 to obtain a degree. However, with a first class mark in his final year examinations Fage had achieved a First Class A.R.C.S. Diploma and had done so well that he was offered two scholarships. In August 1912 the Board of Education offered him a scholarship tenable at Imperial College, which provided free tuition and laboratory work plus a maintenance grant of £60 per annum. In the following month, the College itself outbid this with an offer of a Research Scholarship in Aeronautics to the value of £125 for one year; it was to be tenable either at the College or at the National Physical Laboratory (N.P.L.). The N.P.L. Annual Reports for the period record that an arrangement had been made with the College for one or two students to do research work either at Teddington or at South Kensington, on topics of interest to the Advisory Committee for Aeronautics (A.C.A.).* This was a powerful body: set up by Lord Haldane in 1909, its President was Lord Rayleigh and its Chairman Sir Richard Glazebrook; seven of its twelve members were Fellows of the Royal Society, and it reported direct to the Prime Minister. At the N.P.L., also in 1909, an Aeronautics Section headed by L. Bairstow had been set up within the Engineering Department: its purpose was principally to work with and on behalf of the A.C.A., and it had been given special Government sub ventions for the purpose. Relf had joined the Aeronautics Section as a member of staff-a Junior Assistant-in August 1912; Fage followed him in October, as a Student Assistant. Dejure, Fage was still a student at Imperial College, registered for a D .I.C .; de facto, he was a member of the Aeronautics Section from the time of his arrival.
When Fage joined it, there were five other research workers in the section: L. Bairstow, F. H. Bramwell, B. Melvill Jones, E. F. Relf and J. R. Panned; of the group, Bairstow (1917), Relf (1936) , Melvill Jones (1939) , and Fage (1942) were in due course to be elected F.R.S.* It was a powerful group, facing new and stimulating problems: an ideal setting for one of Fage's make-up. But the practical conditions were less good; to quote Fage himself . but only one or two mechanics were available . . . a research worker went into the workshop and did the job himself . . . at that time only a few facilities for experimental work were available: a small water channel, a wind tunnel with a 4 ft square working section, two wind towers 350 ft apart with rotatable platforms 62 ft above the ground, and a 60 ft diameter whirling arm in an 80 ft square shed'.
Fage, whose scholarship was extended for a second year, spent his time as a Student Assistant working on a wide variety of topics. In 1914 he obtained his D.I.C. in Aeronautics, for two contributions of very different kinds: the theory and practice of airscrews, and the properties of doped fabrics for aircraft structures. We shall revert to this shortly. As his studentship came to an end, the first World War was beginning; and Fage was formally appointed to the staff of the N.P.L., continuing his work without interruption. Presumably, like Relf and others, he was 'attested' and served one day in H.M. Forces; but aeronautical work was regarded as of overriding importance, and he was not called up. Fage's first investigation, conducted jointly with Bramwell and Relf, was a careful experimental check of the Bernoulli formula for incompressible flow P o = P + Q y where q is half the product of density and square of the speed. They measured Po~P as the pressure difference in a pitot-static tube, of the kind then currently used, mounted at the end of the N.P.L. whirling arm. The speed was derived as the difference between the linear velocity of the instrument and the swirl in the building created by rotation of the arm : the swirl was measured by an ingenious anemometer. They concluded that the formula was correct to about 0.1%; their results were published in December 1912 as R& M. no. 71. this was an important investigation, since it led in due course to improvements in the design of the pitot-static tube, which is probably the most widely used instrument in aeronautics. Moreover, nearly 25 years later, Fage was to return to this field with an important study of the effect of turbulence on the measurement of p.
It has to be remembered that at the time there was no established corpus of knowledge of aerodynamics, still less any divisions, such as fluid mechanics, performance, stability and control, and so forth. The workers in Fage's group had to take on any problem in aeronautical engineering (which has been defined as ordinary engineering made more difficult by the necessity of defeating gravity); and within four years Fage had conducted research on fluid mechanics, air screws, wind effects on airship sheds, pressure distribution on a yawed airship, stress and rupture of aeroplane fabrics, aircraft stability, windmills and aircraft flutter. Having to deal with such a wide variety of problems was excellent training for the young scientist, giving a broad framework into which later specialization could be accurately fitted. Two of the topics deserve special mention: those used by Fage in his dissertation for his D.I.C.
The first was structural: the aeroplanes of that period were constructed of light frameworks covered with fabric, which was treated with dope to make it taut, airproof and waterproof. During 1914, Fage was working by himself on problems of doped fabric; he published four papers in quick succession. Partly theoretical but mainly practical, they recorded studies of the conditions under which rupture, either by bursting or by tearing, could occur. It is very interest ing today, when aeronautical engineers are much concerned with the maximum permissible length of a crack in a metal component, to find that over 60 years earlier Fage was reporting on the maximum size of tear permissible in doped fabric.
The second topic was that of airscrews.* Fage's second scientific paper (R. <Sf M. no. 82) records a careful and quite extensive study of model airscrews, conducted jointly with Bramwell (with whom he shared lodgings); it was followed fairly quickly by two others, in one of which Relf participated. But whereas after 1914 Fage does not appear to have done further work on fabrics, his airscrew researches were only beginning. In a span of 13 years, during which he published 56 scientific papers, no fewer than 37 were concerned with air screws and related subjects. It is clear that he soon became the kingpin of airscrew research at the N.P.L., and that he developed during this period into a world authority on both the theory and practical engineering of airscrews.
Fage's preeminence in this subject is illustrated by the fact that he was chosen as the airscrew expert in a team which in 1917-18 gave a series of ten educational lectures on aeronautics, under the sponsorship of the Aeronautical Society of Great Britain, and with the approval and authority of the Air Board. The lectures were given at weekly intervals at each of ten locations. Relf gave the second in the series ('The aerofoil, and fluid flow round bodies'), and Fage the third ('The airscrew'). The first series was given in Farnborough late in 1917; then Hammersmith, Birmingham and Bristol. There followed a hectic week in March 1918, when he lectured on successive evenings in Leeds, Lincoln, Coventry, Norwich and Peterborough; the series concluded in Cricklewood.
One other subject deserves particular mention. In 1916 a Handley Page 0/400 bomber suffered violent tail oscillations, the fuselage twisting through very large angles. F. W. Lanchester (F.R.S. 1921) was called in to advise on this occurrence, and proposed as a remedy that the port and starboard elevators should be rigidly interconnected. At the same time, Bairstow and Fage conducted a theoretical investigation-the first scientific study ever made of aircraft flutter. Though not all factors were fully taken into account, their study confirmed Lanchester's proposed remedy, as well as indicating how the instability could arise. Their joint findings were published in July 1916 in R. & M. no. 276.
Author
We have seen that Fage's early years were devoted to a wide range of aero nautical problems, two of which figured in his dissertation: whether writing the latter sparked the idea of a wider work must remain a matter for speculation; but by December 1914 he had written a book entitled The aeroplane and had signed a contract with Charles Griffin & Co. Ltd for its publication in their Aeronautical Series. Subtitled 'A concise scientific study', it duly appeared in 1915; it had 8 chapters, 59 illustrations, ran to some 150 pages and was priced at 6 shillings. It was written in a popular style, with little mathematics, and was an immediate success: so much so that the first edition was sold out in six months and the second edition in four; it was also issued intheU.S.A. by J. B. Lippincott Co. at a price of 2 dollars. By 1918 a fifth edition had appeared, having some 200 pages and 72 illustrations. In the reviews it was described as 'clearly written and commendably brief'.
It was indeed a considerable feat to get virtually the whole of aeronautical engineering-basic fluid mechanics, wing theory, aircraft performance, stability and control, structural considerations, airscrews and engines-into one slim volume; Fage achieved it by being severely practical. Typically, he would give a definition, some practical results, some comments and a conclusion in one short paragraph. Thus, for example, he dismissed wing warping-the device used by the Wright brothers to achieve lateral control on their early aeroplanes-in something under half a page, concluding 'Certainly, wing warping cannot be recommended from a mechanical standpoint'.
There is one feature of the first edition which is, at first sight, surprising. Fage was clearly fully aware of the importance of dimensionless coefficients: in a science which has always depended heavily on model testing it could not be otherwise; he defined them as absolute coefficients. He was also familiar with and understood the importance of Reynolds number (though he did not then use the name); and as early as p. 5 remarked that 'when the wind speed is above 125 miles an hour, compressibility effects, although very small, may have to be considered'. Yet, despite this evident awareness of dimensional theory, he did not use dimensionless coefficients; forces on an aerofoil or propeller section were divided by A V 2 and pressures by V2, where A is area and V is speed, and the quotients related to the scale factor VL, where is a length. Presumably, in this, he was following the convention of the day; presumably also, since engines of over 100 h.p. were only just appearing, the ceilings achievable by aeroplanes were so low that density variations had been ignored. However, in the fifth edition of 1918, he employs dimensionless lift and drag coefficients throughout; significantly, there is in the chapter on equilibrium a new paragraph on 'Influence of altitude', which includes the statement 'The density of air at an altitude of 6000 ft-pilots usually fly at this altitude-is about 80 per cent of the density at the ground'.
So far as The aeroplane is concerned, it remains only to comment on the chapters dealing with propulsion. The chapter on aero engines shows that Fage was perfectly familiar with both the principles of the petrol engine in its various forms, and with the details of the engines then in common use, which he described with illustrations. But, understandably, it is the chapter on airscrews which is of particular interest. In the 1915 edition it was entitled 'The aerial propeller'; the topic was treated in some detail, and Fage's personal involvement was evident: moreover, his knowledge of marine screws was apparent. What is surprising is that no account was taken of the Rankine-Froude axial inflow factor; against that, there was a full discussion of stresses and gyroscopic forces. In the 1918 edition, however, the chapter was completely rewritten under the title 'The airscrew'; the inflow factor was introduced (though a full discussion of it was apparently precluded by the Defence of the Realm Act), the treatment was streamlined, and a discussion (including consideration of cavitation) of the differences between air and marine screws was introduced.
Fage's intimate involvement with airscrews led, in 1920, to the publication by Constable & Co. Ltd of his second book, Airscrews in theory and experiment. This was a specialist rather than a popular work: a vade mecum for those concerned with airscrews and their problems, it was a complete monograph. In the preface, Fage wrote: 'In the preparation of the book the author has sought information from all available sources, particularly from scientific papers published both at home and abroad . . . as far as possible, each chapter . . . has been made complete in itself.' It was not an idle claim: the book gave a very complete account of the state of the art at the time; and it showed in fact that the art had reached a surprising degree of sophistication.
Fage discussed the various airscrew theories then current, with their impli cations and correlations; efficiency and energy balance, including slipstream spin loss; dimensional theory and similarity; practical methods of test with many results; performance charts; fin effect due to yaw; airscrew-engine-body interference; gearing; variable pitch (the practical development of which was many years away); tandem configurations; compressibility effects and noise; vibrations, including shaft whirl; stresses and distortions; and airscrews designed for use as helicopters or windmills. The helicopter section was a brave attempt at definition of hover, climb and descent: unfortunately nothing was then known of the vortex ring configuration in hover; Fage would have grasped the notion with alacrity. He gave great attention in the book to the axial inflow factor, but surprisingly made no mention of the rotational inflow factor: surprisingly, because he gave considerable attention to slipstream spin. The existence of a rotational factor seems to have been known at the time, but to have been regarded as insignificant. The elaboration of the idea was to await further work by Glauert, Lock and Fage himself: work which he continued for the next five years. Sir Horace Lamb (F.R.S. 1884) is reputed to have once said: 'When in due course I appear before my Maker, there are two matters on which I shall seek enlightenment: quantum theory and turbulence. I am sure the Almighty will be able to explain quantum mechanics to my entire satisfaction; but I have grave doubts about turbulence.' This, then, was the arcane topic to which Fage was to devote some 20 years of research; and while he was alive, Lamb took a great interest in Fage's work, offering much helpful advice, which Fage duly acknow ledged in his publications.
Studies of turbulence and allied phenomena in fluid motion offered Fage the opportunity of deploying and developing his skills as an experimenter; for this was where his strength lay. He was not primarily a theoretician, though his papers make it clear that he was a more than able mathematician, who could readily understand and use the theoretical results of men like Lamb and G. I. Taylor, or the mathematicians of the Continental schools. Rather, Fage was the scholar who devised ingenious ways of putting the theories of others to the test, and who carried through the experiments with meticulous care and thoroughness so that the theories could be validated, disproved or amended. And since theories of turbulence were-and still are-semi-empirical, experimental work was of the highest importance.
Fage did not come to his interest in turbulence suddenly; it was a natural development of his earlier work. His airscrew researches had required studies of lift and drag of aerofoils and had also involved consideration of airscrew slipstream effects; both aspects had led him to studies of aerofoil wakes. So, inevitably, he became involved with boundary layers, transition and separation: an involvement which led him further than most other workers into studies of the structure of turbulent flow.
We may briefly follow the scientific pilgrim's progress made by Fage in this field of work. We have noted his use of wakes to determine aerofoil drag; again, in his 1925 study of airscrew vibration he used a hot-wire microphone, which had a good deal in common with the hot-wire anemometer used for turbulence studies. In 1926, he reported on the flow near the leading edge of an elliptic cylinder and an aerofoil, making comparisons with the mathematical predictions of Lamb and with results obtained from Relf's electrical tank analogue. In 1927-28, three papers written in collaboration with F. C. Johansen appeared, on the flow of air behind a flat plate at incidences from 0 to 90°, with analyses of the structure of its vortex sheets and of the development of the Karman vortex street, and on the Kutta-Joukowski condition for circulation round the plate. In 1928, Fage assembled all these researches in a lecture before the Royal Aeronautical Society on 'Recent experiments in fluid motion'.
Two groups of researches in the next three years deserve mention: first, a careful and important study of the nature of the flow near the separation point on a circular cylinder, followed by papers on skin friction on a cylinder, the effects of roughness and transition wires, and on a comparison of results obtained internationally; second, some studies made jointly with V. M. Falkner (who was much concerned with mathematical analysis of the boundary layer) comprising tests on a series of Joukowski aerofoils, with a detailed study of skin friction on one of them, and a general study of the relation between heat transfer and skin friction in laminar flow.
These researches made an appropriate prelude to the work which consolidated Fage's reputation: his studies of turbulent flow in pipes. Initially, this work was done in collaboration with his younger colleague H. C. H. Townend, who was something of an inventive genius (he will be remembered for the Townend ring which improved the cooling and greatly reduced the drag of radial engines). Their paper, 'An examination of turbulent flow with an ultramicroscope', appeared in 1932 ( P r o c. R. Soc. Lond. A 135, 656). Incidentally, 'ultramicr scope' was something of a misnomer, as Fage himself conceded when in later publications he changed the description to 'fluid motion microscope': for compendiousness he was using 'ultra' as a transferred epithet. The paper records studies, made with microscopes of up to 200 magnification, of the movement in water of particles of ultramicroscopic size, in that they were much too small for resolution. The particles were present in the ordinary tap water he used; they were so small that, in static water, they clearly showed Brownian movements. This implied that they were certainly less than 1 [xm in size, and that for the most part they were smaller than the wavelengths of light. But despite this, they could be seen as points of light when intensely illuminated and viewed against a dark background; while because they were so small, they clearly followed the motions of the fluid elements in which they were immersed.
With this apparatus, Fage and Townend were able to study fully developed turbulent flow in pipes of both square and circular section; they obtained some unexpected results. Watching the illuminated particles, they were able to determine U, the local time-average velocity of flow in the axial direction, as well as the maximum values ux, vx and v, w ( ua xial, v normal to the wall, w normal to u, v, and so parallel to the wall or its tangent). They found that at the centre of the pipe, the three components were nearly equal (turbulence isotropic); but as the point under scrutiny was moved radially away from the centreline, the three components all increased over about three-quarters of the traverse to the wall-vx least, wx most-before falling to zero at the wall; U also fell to zero at the wall, in accordance with the well known distribution. But their most important finding was that, while / U fell to zero as the wall was approached, ux/U and wx/U increased-especially wx/U which, at the closest point they could measure, was of order unity. From the velocities of some of the particles they watched, Fage and Townend inferred that they were within 1 (Jim of the wall. Thus, very close to the wall, the flow was in laminae, but not rectilinear; the particle paths were sinuous. Their findings stimulated G. I. Taylor to extend his classical solution of unstable flow in a rotating annulus, and to show that similar properties might be expected; he deduced that turbu lence must produce appreciable pressure gradients across the wall in directions transverse to the mean flow.
Understandably, this pioneer research was followed by the rapid appearance of further papers recording similar or related work. A study of the changes of turbulent characteristics with Reynolds number; another with wires of various diameters on the axis of a circular pipe; another on the decay of turbulence behind a narrow prism set across a square pipe; these all appeared within the year. At the end of 1932, Fage was again lecturing before the Royal Aeronautical Society, this time on 'The behaviour of fluids in turbulent motion'. This was a most scholarly review of the state of the art, both theoretical and practical, and it drew appreciative comment from G. I. Taylor, Prandtl, Relf and others.
Over the next decade, related papers appeared fairly regularly: on frictional drag of plates, on flow in rough pipes; an important paper (in view of the wide use of wind tunnels) on the effect of a channel contraction on the components of turbulence-these are some examples. Fage also published in the R.
M . series some half-dozen papers on the topic of transition from laminar to turbulent flow. However, he was by now an established authority in the aeronautical world: already F.R.Ae.S. (1918) (his certificate of Fellowship was no. 38), he had been awarded the Edward Busk Memorial Prize in 1928; in 1933 he was elected a Founder Member of the Institute of the Aeronautical Sciences (now the American Institute for Aeronautics and Astronautics), and in 1937 was elected a Corresponding Member of the Lilienthal-Gesellschaft fur Luftfahrtforschung; and in Great Britain he was increasingly in demand for committee work and lecturing. In consequence, his scientific papers, though substantial and authoritative, became fewer in number. He contributed periodically to the Proc. R. Soc. series; two of these papers deserve special mention. The first, on static pressure in fully developed turbulent flow (1936), was a very sophisticated extension of his earliest research in 1912; the other was on transition (1941) . All this work was recognized by Fage's election as F.R.S. in 1942.
World War II inevitably had a considerable impact on the work of the Aerodynamics Department. During a bombing raid, two wind tunnels in course of construction were damaged; however, work was not seriously interrupted. But of course the kind of work changed. A host of ad hoc problems in aviation needed attention; so that while a remarkable amount of fundamental work was done at the N.P.L., it had to take second place to the immediacy of other things. In particular, the possibilities of supersonic flight called for a redeployment of effort; S. Goldstein (F.R.S. 1937) had joined the staff of the Department on secondment, and he, Fage and Lock, with the assistance after 1944 of D. W. Holder (F.R.S. 1962), led new studies in the realms of transonic and supersonic flow. One suspects that, as the war drew to its close, Fage was hoping to return to his studies of turbulence; but it was not to be. With his other extra-mural commitments (which included service on the Royal Society Engineering Sciences Committee, 1944 -47), this was a considerable load; but his principal duty was of course to oversee the work of his Division, in post-war circumstances which required a major change in emphasis and direction.
To begin with, the post-war period involved a lot of tidying-up of the loose ends of researches undertaken for the solution of war-time problems. But the principal change derived from the fact that, during the war, aviation had become a high-speed business. Before the war, low-speed aerodynamics had been the main preoccupation of the Department; the effects of compressibility had hardly been studied at all, except in relation to shells and projectiles and to tip effects on propellers. But the relentless quest for improved performance of aircraft during the war, and in particular the coming of the gas turbine and jet propulsion, meant that when Fage took over the reins, the work of the Division was becoming dominated by considerations of compressibility. Two high-speed tunnels, one circular, one rectangular, capable of a Mach number of 0.85 ( M 0.85) had been commissioned during the war; by 1951 the Division had five tunnels capable of various speeds up to M 2.8: one of them could be pressurized to 3 atm to cover a greater range of Reynolds number. Moreover, a new High Speed Laboratory, to house three more supersonic tunnels, was being planned; it was in fact in course of erection when Fage retired. Research on low drag aerofoils, begun in the late 1930s, was now subsumed in studies of sections suitable for high-speed flow. New wind tunnel techniques, such as the ToeplerSchlieren optical method for visualization of high-speed flow, were coming into use; these in turn brought out the importance of shock-wave-boundary-layer interaction: Fage's last personal research was in this field, which was part of a general study of control of the boundary layer to which much effort was devoted. Sweepback of wings as a device for delaying the onset of compressibility effects was being newly exploited; the powerful aeroelastic team in the Division was considering both the implications of sweepback and the effects of compressi bility on flutter. Moreover, the Division, in common with other aeronautical laboratories, was beginning to think ahead to hypersonic speeds; shock tunnels for very high Mach numbers, and the concomitant problems of flow at very low densities, were under active consideration for development. Even some of the low-speed work which remained took a sudden change of direction; studies of problems in industrial aerodynamics began, on such matters as the flow of effluent from chimneys, while R. A. Frazer (F.R.S. 1946) headed a pioneering study of the aeroelastic oscillations of suspension bridges; he built a special wind tunnel at Thurleigh for the purpose.
All in all, it was a greatly changed research Division which Fage was asked to direct; he did it with typical thoroughness and care. Dr R. C. Pankhurst (later to become Superintendent himself) writes that 'Fage took a close scientific interest in the work of all his staff, and his penetrating insight was at times formidable'.
Fage's duties as Superintendent also involved him in a good deal of foreign travel: an additional commitment to add to his already heavy load. Fortunately, he liked visiting other countries. He had already made two official visits abroad: to Berlin in 1936 and to Munich in 1937. Now, as Head of his Division, he began an almost regular series of annual visits. In 1946 he read a paper in Paris, before the 6th Annual Congress of Applied Mechanics. In 1947 he visited Dutch aeronautical establishments, giving two lectures, one in Amsterdam, the other in Delft. In the spring of 1948 he was a member of the C.A.A.R.C. delegation which visited Australia (the present writer was also a member); this was a fiveweek visit. Fage kept a diary, mostly containing only brief records of day-to-day affairs. However, it does contain one extended passage: some copious notes of an Australian experimental study of the turbulent boundary layer on a 5 ft chord aerofoil; his interest in turbulence was still very much alive. In 1950 he went to Bologna for the Augusto Righi Centenary Congress of Physics, and gave a lecture on the organization and work of the N.P.L. Finally, in the spring of 1951 he made a long trip around the U.S.A. and Canada, visiting some dozen aeronautical and allied establishments. Within a week of his return from this trip, tragedy struck him : his wife died as a result of a subarachnoid haemorrhage. We shall revert to this later. With her loss, Fage seems also to have lost his zest for his work, which, though he was quiet and unassuming, had been very real; two years later, in June 1953, he decided to retire: he was just past 63. In the same month, he was appointed C.B.E.
One further note must be made. In 1951, Relf retired from the College of Aeronautics, and rejoined the Aerodynamics Division as a consultant, to help and advise its staff. The return of his lifelong friend at such a time must have been a great comfort to Fage in his bereavement.
Individual and family man
The writer of this memoir joined the Aerodynamics Department of the N.P.L. in September 1929 , and was seconded to the R.A.E. in 1940. But during my 11 years on the N.P.L. staff I never collaborated with Fage, though of course I met him often and knew of his researches. His reputation in the Department was very high, and one heard stories of his doings from other members of staff; but from Fage himself I gathered little about either his personal affairs or his achievements: there was, for me at least, something of an Olympian detachment about him. After the war, I became more closely associated with him. I kept in close touch with the N.P.L. (later I joined the Executive Committee); Fage and I served together on the Council and some of the committees of the A.R.C.; and we travelled together on the official visit to Australia by the C.A.A.R.C. But despite this long acquaintance, during which we became good friends, I knew surprisingly little of him as an individual, at least from his own lips. I am indebted for much of what follows to his son, Professor J. D. Fage.
Reference has already been made to Fage's keenness on walking, evidenced when he was a teenager: a keenness which remained with him all his life, and which was associated with a love of travel. Before World War I, he went on a long walking tour in the Black Forest; he has also told us 'my annual holidays during my early years . . . were spent on walking tours in England, Scotland, and Switzerland. I also did some rock climbing with R. A. Frazer in North Wales and with N. E. Odell (of Everest fame) and Frazer in the Lake District'. In 1921, while walking in the Lake District, he badly blistered a heel; he contracted tetanus, and was very ill-indeed, the anti-tetanus serum, which could then only be obtained from Paris, arrived only just in time. In his early years at Teddington, Fage also played football-he kept goal-and cricket on the magnificent N.P.L. sports field.
On 1 September 1920 Fage married Winifred Eliza, daughter of Thomas H. Donnelly, a master builder, of Kimberley, Notts. Winifred Donnelly (born 23 February 1894) was an honours graduate in botany of the University of London, and had served on the staff of the N.P.L.'s Physics Department since 1916. It was a most happy marriage; Winifred Fage-she has been described by Mr J. L. Nayler as 'a wonderful person, much beloved by everyone'-was just the woman to organize her husband's life so that it was well balanced: happy and content at home, and with the proper opportunities for social contacts, for keeping fit, and especially for concentration on his work. But to return to Arthur Fage: his son writes: 'He was a regular golfer until World War II. He also took part in tennis parties and badminton. But in these two sports, I think he was mainly following my mother's lead, for she was of good club standard at both . . . he was keenest on walking. Walks in Bushy Park, sometimes on Sundays to the Chapel Royal at Hampton C o u rt. . . walking was also a principal holiday activity, especially in Cornwall and in Switzerland.' And again, 'Before his marriage my father rode a motor-bicycle, and I always under stood that he gave this up to please my mother. He did not switch to a motor-car . . . my father must have been the only Superintendent who never drove a car. Certainly the house which he bought when he got married must have been chosen in part because from it he could easily walk to work. . . . Every working day he would walk to the N.P.L., walk back home to lunch, and to and fro again in the afternoon. ' On the subject of Fage's hobbies his son writes: 'I can remember him making our first wireless set, a crystal set, and later a primitive valve set with a speaker 47 mounted on an enormous plywood sounding board. He also for a time took up photography, buying a large Zeiss plate camera. . . . He built bookshelves in his study . . . even anticipated Bronowski in trying to make brickettes out of coal dust. He was very proud of his toolbox, which was the first thing he had been required to make when he became an apprentice.' And on social life: 'I can remember a play-reading society which used to come to our house occasionally on weekend evenings . . . quite exceptional occasions at Covent Garden . . . my father was more interested in music than drama. He had been a choirboy at Portsmouth, and once or twice I remember him taking me to Sadler's Wells.' The Fages also played bridge almost every Saturday evening, with friends either from the N.P.L. or from tennis clubs. But while Fage evidently took pleasure in these things, his son adds: 'Left to himself, my father's preferred evening activity was working on the papers he had brought home . . . most of this came to be done in an armchair in front of the fire. ' As to the annual holiday, it usually lasted three weeks 'and was very much an expedition, a trunk being sent off in advance, a four-wheeler cab . . . to take us to Teddington Station and a taxi from Waterloo to another London terminal . . . the housemaid came too'. Most of the holidays in the inter-war years were taken in Cornwall, either at Looe or near Port Isaac, and were often planned in concert with other families, notably the Pippards-Professor A. J. Sutton Pippard (F.R.S. 1954) and his family, including his son, now Sir Brian Pippard (F.R.S. 1956). Fage's son adds 'although he was never really a heavy smoker, and gave it up altogether soon after he retired, he seems always to have had a cigarette in his mouth or his hand, and holiday photographs confirm this . . . he did not like going to pubs and drinking beer; he drank very little'.
On the subject of Fage's dedication to work, his son writes: 'As he got older, my father became more and more absorbed in his work, to the exclusion of most other things, and I would guess that much of his success was the result of this single-minded concentration.' And again, 'One consequence of my father's work ethos was that . . . my sister and myself should achieve academic excellence to match his own. My father did his utmost to coach me in maths, but hardly with success; perhaps fathers are not very good at teaching sons . . . in the end we both did more or less what was expected of us, though in the arts, and not in the sciences in which both our parents had secured their degrees.' His son thinks Fage was not interested in teaching: '. . . perhaps also because of his dedication to research, he never responded to approaches that were made to him in respect of University Chairs. ' We come now to the war years and the period of Fage's Headship of his Division. His son writes: 'Another consequence of my father's single-minded concentration on his work was that he became enormously dependent on my mother for almost everything outside it. I don't think that anyone realized quite what a strain this eventually became for her, especially during the war when in addition to everything else that she did, and when she no longer had a maid to help in the house, she was an A.R.P. warden . . . U.S. Air Force officers came as lodgers (they were based at the camp in Bushy Park). After the war, my father began to travel quite extensively outside Britain. . . . So the strain continued for my mother. . . . The effect of her illness and death on my father was terrible. It was as though his mainspring had been broken. He could no longer immerse himself in his work; indeed, he quite soon decided to retire. And he did not seem to know how to keep up with many of the friends of his married years. On the other hand, he did see much more of some of them, especially the Relfs and Pippards, both of whom were enormously kind to him; also . . . of Nayler and a few others. ' Despite this tragedy, Fage was able in after years to write: 'I retired from the N.P.L. in June 1953 after a happy 41 years there. I have indeed been fortunate to have seen at first hand the remarkable growth of British aeronautics . . . and to have known personally many of the outstanding scientists and engineers who contributed to it. ' After he retired, Fage did not cut himself off wholly from his earlier life. He continued to serve the A.R.C. for 10 years or so, now as an independent member, notably on the Aerodynamics Committee and the Fluid Motion Sub-committee. He had been appointed in 1950 a member of the Board of Studies in Aero nautical Engineering of London University, and he retained this interest till 1968. He also served, from 1955 to 1960, on the General Board of the N.P.L. But things were not, of course, the same. In 1955 or thereabouts, he left the house in which he had lived since his marriage, and went to live in a flat in a large house which his daughter-in-law's parents had leased at Winchelsea: he stayed there until the lease expired in 1963. Here he found new interests in life; he became a regular church-goer, and an active and respected member of the Parochial Church Council. In Winchelsea he also took up painting-mostly landscapes-first in water-colour, then in oils. Fage himself records that his paintings were based on sketches; his son elaborates this: 'His method was generally to begin with a meticulous pencil sketch . . . which would be liberally annotated with remarks as to the appropriate colour, shading, etc., and he would then paint from this in his room. . . . He was rather shy of his paintings; while he displayed some, others we only found after his death, packed away in a box. ' One of the activities of his earlier years which Fage continued and indeed expanded after his retirement was travel abroad. In 1954 he spent a holiday in Madeira with his daughter; in 1955 he joined his son and daughter-in-law in Ghana for a six-week spell. For the next 10 years he went abroad every year, sometimes on a cruise, or perhaps on a coach tour: Morocco; three times to Greece and the Aegean; twice to Northern Italy; Spain and Portugal; the Pyrenees and Provence; even Eastern Europe.
When he left Winchelsea in 1963 he returned to his own house in Teddington for five years, during which he renewed some old friendships, especially with the Relfs, of whom he saw a good deal: he and Relf did some walking in the country together, when they would talk over old times. But then-he was 78-he made the final break; he sold his house, gave up his remaining committee work, and went to live in a flat in Birmingham, to be nearer his family. His son writes: '. . . he came rather to look to us-perhaps more to my wife, of whom he was very fond-to organize the sorts of things he had once looked to my mother to do. Four years before his death, he had a fall and cracked two ribs, and though these mended well, he really began to be an old man from then on.' And finally, 'One of the things that first brought home to us that my father was ageing was when he began to complain that the mile from his flat to our house was too far for him to walk; at first, we could hardly take him seriously. ' Fage died on 7 November 1977, in his eighty-eighth year. He had lived a full life, and had done much more than most men. He was widely respected, and held in high esteem and indeed affection by the colleagues of his later years and by others close to him. Seven years before he died, I gave him the final word in the memoir of his lifelong friend, Ernest Relf: 'He was indeed a lovable man.' It may well serve as his own epitaph. The photograph is by Lafayette of London. 
